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حَذ الصبٍٜ أػبذهللا ػيٜ : االسن
ػَيٞت اىصذأ مَزبطبث ه ىخطبٞقٖبححضٞش ب٘ىَٞٞشاث االٝضٗمسبصٗىٞذِٝ : عنىاى الرسالة
مَٞٞبء اه: التخصص
( 2010 ٍبسط)ٕـ 1431اٟخشة  سبٞغ: التاريخ
 
حٌ ححضٞش صْف صذٝذ ٍِ اىب٘ىَٞشاث ٕ٘ ب٘ىَٞشاث أٝضٗمسبصٗىٞذِٝ ببسخخذاً حفبػو إضبفت حيقٞت  
  رْبئٜ اىقطب ىبؼض األىنْٞبث اىْٞخشّٗٞت، ٗ حفبػالث إضبفت حيقٞت بِٞ أىنْٞبث رْبئٞت ٗ ّٞخشّٗبث( 3،1)
-p- (10ىٞي٘مسٜ بْضاىذٕٞذ ٗ أ -p ٗ ، ٕٞذسٗمسٞو اٍِٞ(اّذسِٞ-N-(10 اسخخذاً اىَشمببثحٌ ٗ قذ   .رْبئٞت
، داٛ اىٞي٘مسٜ بْضِٝ -pىنِٞ اىزْبئٜ ألُ اأ مَب.  ىنْٞبث اىْٞخشّٗٞتححضٞش األه (ٝي٘مسٜ بْضاىذٕٞذ-1-اّذسِٞ
 قذ بْخزْبئٜ ّٞخشُٗ -1,5رْبئٜ ٍزٞو -'N,Nٗ  ّٞخشُٗرْبئٜ اه فْٞٞو -pرْبئٜ ٍزٞو -'N,Nٗاىْٞخشّٗبث اىزْبئٞت 
حٌ اسخخذاً ٍطٞبف االشؼت ححج   .ٍِ ب٘ىَٞٞشاث االٝضٗمسبصٗىٞذِٝ األخشّٙ٘اع ىخحضٞش األاسخخذٍج 
ىخحذٝذ اىصٞغت اىبْبئٞت ىنو ٍِ  13-اىحَشاء ٍٗطٞبف اىشِّٞ اىَغْبطٞسٜ ىنو ٍِ اىٖٞذسٗصِٞ ٗاىنشبُ٘
اىخحنٌ فٜ األٗصاُ  َٝنِ ٗ اىخٜ ػيٚ ض٘ئٖب ،حشمٞت اىبيَشةدساست  ثًث مَب  .اىٍَْ٘شاث ٗاىب٘ىَٞشاث
اسخخذاً ٍطٞبف اىشِّٞ اىْ٘ٗٛ اىَغْبطٞسٜ ىخحيٞو اىَضَ٘ػبث اى٘ظٞفٞت  أٝضبًا  حٌ مَب . اىضضٝئٞت ىيب٘ىَٞشاث
 فقذ ىيب٘ىَٞشاث بٞج األٗصاُ اىضضٝئٞتٗ ٍِ أصو حذ.  ححذٝذ األٗصاُ اىضضٝئٞت ىيب٘ىَٞشاث بٖذفاىطشفٞت ٗ رىل 
اىب٘ىَٞشاث اىحٞت ٍغ أىنْٞبث أحبدٝت اىَضَ٘ػت اى٘ظٞفٞت ٍزو ٍٞزٞو  ٕزٓ حٌ ٍفبػيت اىَضَ٘ػبث اىطشفٞت فٜ
ٗ بؼض ٍشخقبحٖب اىخٜ ححخ٘ٛ ػيٚ رساث ٍبّحت  دساست ب٘ىَٞشاث األٝضٗمسبصٗىٞذِٝ صشٙٗ .  أمشالث
ٗ ٍضَ٘ػبث أسٍٗبحٞت غْٞت , ()اث ببٛ ٗ أىنخشُٗ, ، ٗ أّٝ٘بث أًٍّ٘ٞ٘ سببػٞت(N, O)ىألىنخشّٗبث 
ٍ٘الس ٍِ  1ٍِ  هفٜ ك ٗالر اىَطبٗع فٜ األٗسبط اىحَضٞتببإلىنخشّٗبث، ٍِ حٞذ مفبءاحٌٖ فٜ ٍْغ حآمو اىف
  .رىل ببسخخذاً طشق اىخحيٞو اى٘صّٞت ٗ اىنٖشٗمَٞٞبئٞت ٗ حَض اىني٘س ٗ ّصف ٍ٘الس ٍِ حَض اىنبشٝج
ٗ قذ حٌ  .مَب اٗضحخٔ حْبئش اىخحيٞو اى٘صّٞت داًا فٜ حَض اىني٘سائش صٞذة سثػطج ُأ ٍؼظٌ اىَشمببث
اىَؼيٍ٘بث اىخٜ حٌ اسخخالصٖب ٍِ ٍْحْٞبث  إُ . ّخبئش ٍشببٖت ببسخخذاً اىطشق اىنٖشٗمَٞٞبئٞت ػيٚ اىحص٘ه
رٛ حخضٔ ّح٘ اىَْطقت اىسبىبت ػْذ ٍقبسّخٖب ٍغ ٍْحْٚ حَض اىني٘س اه (Ecorr)ع اىصذأ ُاىخبفو حبِٞ اُ طبقت ً
ُ ٕزٓ اىَ٘اد حؼَو بشنو سئٞسٜ مَزبطبث ىخفبػالث االخخضاه اىخٜ ححذد أ ٕٗزا ٝذه ػيٚ ،سخخذً مَشصغا
فٜ اىَٖبظ  
 
درجة الواجستير في العلىم 
جاهعة الولك فهذ للبترول والوعادى 
 الظهراى ، الوولكة العربية السعىدية
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CHAPTER 1  
 





A nitrone (1) is the N-oxide of an imine or any compound that has azomethine N-
oxide system.  Among a plethora of functional groups in organic chemistry, the nitrone 
functionality has secured an important place in the arsenal of synthetic chemists.  A 
nitrone is an 1,3-dipole in 1,3-dipolar cycloadditions (Scheme 1).
1
  It reacts with alkenes 











Nitrones have been known for more than a century, and there is a great interest in 
their reactivity towards olefins.  Nitrones were discovered by E. Beckmann in 1890 by N-
alkylation of oximes.
2
  This observation was not given much attention until the systematic 
studies of Huisgen in 1960s who established the stereochemistry of dipolar 
cycloadditions.  Applications of the cycloaddition have appeared in synthesizing various 
natural products.
3, 4







Early researchers suggested the name "nitrone", which is a combination of the 
words "nitrogen" and "ketone", to emphasize the striking similarity between the newly 
discovered functional group and the already rich chemistry of the carbonyl group.
2
   Now, 
it is clearly known that the similarity depends on the mesomeric effects which 
predominate in both classes of compounds, making the nitrone group behaves as carbonyl 























The (3 + 2) cycloadditions, also known as 1,3-dipolar cycloadditions (1,3-DC),  are 
similar to Diels–Alder cycloadditions since both processes feature the involvement of     
[π4s + π2s] electrons.
1,5,6
  Although 1,3-dipoles are formally charged species, these charges 
are stabilized by resonance between the two forms of the dipolar compound.
5
  The highest 
electron density is located at the terminal oxygen atom
5
, hence these species are referred 



















The 1,3-dipolar addition of nitrones to olefins is the most useful method for 
synthesizing isoxazolidines
4
, which can be converted to many useful compounds, 
4 5 
6 8 7 
 
3 
including 1,3-amino alcohols, N-substituted 1,3-amino alcohol (Scheme 4)
1
, 1,3-keto 

















1.2  Mechanism of 1,3-dipolar cycloaddition reactions of nitrones 
 
1,3-DC reaction of nitrones with alkenes is a concerted [π4s + π2s] reaction (Scheme 
5).  The lack of significant dependence of nitrone-olefin cycloaddition reactions on the 
nature of the solvent used over a wide range of dielectric constant indicates an early and 



























Perhaps the backbones of evidence that support the concerted mechanism are the 
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5 
1.3  Regioselectivity and stereoselectivity of the nitrone cycloadditions reaction 
 
Regioselectivity and stereoselectivity of the 1,3-DC reaction with various 
substituted alkenes have been heavily theorized and researched.  Although recently other 
theories have been developed, the frontier molecular orbitals (FMO) theory contributes 
important insights into the majority of the 1,3-DC reactions.  The frontier molecular 






Cycloadditions have been categorized by Sustmann
9
 into three different types         
(Fig. 2).
1
 The 1,3-DC reaction of nitrones is believed to correspond to type II of 
Sustmann classification.  In this type, the similarity of the lowest unoccupied molecular 
orbitals (LUMO) and the highest occupied molecular orbitals (HOMO) energies in the 
dipole and the dipolarophile implies that both HOMO-LUMO interactions stabilize the 
transition state involved in the cycloaddition.
1, 4-6















FMO theory holds that the orbitals that overlap best are closest in energy.  The 
energy gap between the dipole and dipolarophile depends on the type of substituent on 
both of them.  In electron-rich dipolarophiles (12), where X = alkyl or OR, raises the 
energy level of HOMOdipolarophile; the dominant interaction is that of LUMOdipole and 
HOMOdipolarophile.  In electron-poor dipolarophiles, such as in the case of X =NO2, 
lowering the energy level of LUMOdipolarophile, the dominant interaction is that of 
HOMOdipole and LUMOdipolarophile.
4




Although reactivity is rationalized in terms of relative energy differences of the 
reactant frontier orbitals, the coefficients associated with the atomic orbitals in each of the 
frontier molecular orbitals dictate the regiochemistry of the cycloadditions.  Needless to 
say that the best overlap of orbitals is between those of similar size.  The atomic orbital 
coefficient of the LUMOnitrone is seen to be larger at carbon than at oxygen; in 
HOMOdipolarophile with electron donating substituent, the coefficient will be larger on the 
unsubstituted carbon.  This leads to 5-substituted isoxazolidine.  For very electron-
deficient dipolarophile, the dominant interaction involves HOMOdipole-LUMOdipolarophile.  



















X = E .W . G




It has been observed that with various mono-substituted alkenes, up to four 
products may result.  These products can be classified according to their regiochemistry, 
as either the 4- or 5- regioisomer, and their stereochemistry, as either endo or exo attack of 
the dipolarophile.   
  
1.4  Nitrone-alkene cycloaddition polymerization 
 
Despite  the widespread use of nitrone reactions, there are very few instances that 
deal with the formation of  polyisoxazolidines.
5
  Manecke and Klawitter have synthesized 
poly(isoxazolidine)s via (3 + 2) cycloaddition polymerization of monomers containing 
nitrone moieties by using two techniques.
10,11
  The first technique involved 
cocycloaddition reaction of alkadiene (A-A Type) (e.g. 20) and dinitrone (N-N Type) (e.g. 
18).  The bisnitrones 18 and 19 were reacted, in turn, with bismaleimides 20 in 
dimethylformamide at 110 
o





























20a     R= m-phenyl
20b     R= p-phenyl
21
Scheme 7.  
 
The polyisoxazolidines produced through this method possessed low molecular 
weights (Mn values ranging from 2400 to 3600).  In addition, Manecke and Klawitter 
 
9 
employed (A-N type) monomers utilizing p-maleimidophenyl-N-phenylnitrone (21).  
The Mn values of the homopolymerization of the A-N monomer that was synthesized in 
86% were up to 6200. These polyisoxazolidines were soluble in common organic solvents 
such as dimethyl sulfoxide and dimethylformamide, but not in ethanol or acetone.
10, 11
 
The desired high molecular weight poly(isoxazolidine)s were not produced because 
the conditions chosen for the cycloaddition reaction involved exposing of the nitrone 
group to heat for long periods and acidic (or basic) reaction conditions. These conditions 
result in degradation of the nitrone functionality 22 prior to the occurrence of the desired 
1,3-dipolar cycloaddition to give the corresponding amides 23 and O-methyl  oximes 24, 






















Although the cycloaddition reactions are high yielding in nature and the 
involvement of difunctional monomers are suitable for polymerization, there are very few 
examples of polymers that have been produced via nitrone cycloaddition reaction.  The 
reactivity can lead to deleterious side reactions between the nitrone and the olefin such as 
dimerizations, rearrangements, and intramolecular reactions between the nitrone moiety 




Wayne Hayes et. al. produced a diverse range of poly(isoxazolidine) architectures 
up to 30 kDa  by using high pressure reaction condition.  (A-A type) and (N-N type) 






Nitrone-alkene cycloadducts, extensively used in the synthesis of various 
natural products of biological interest,
13
 have also been introduced to the corrosion 
literature for the first time only recently.  There are very few reports related to corrosion 
inhibition efficiencies of the isoxazolidines in the literature.
 14-16
   
 
Recently, polyisoxazolidines and polynitrones were attempted to be used  for 
optical data storage applications, coatings applications, good high temperature 
performance, anti-bacterial, anti-fungal and biological activities.
7, 17-18 
According to our 
literature search, there is no poly(isoxazolidine) used for testing the corrosion inhibition 
efficiencies.  
 
1.5  Chemistry of Corrosion  
 
Corrosion is a deterioration process that occurs to metals upon their interaction with 
the environment.
19-21
 It is a very costly problem, and it is estimated that about 40% of the 
steel production goes to replace steel lost due to corrosion.  Moreover, corrosion is 
injurious and can lead to serious accidents, explosions and environmental damage. 
 
Corrosion reactions of metals in acidic solution are electrochemical in nature and 
involve the following reactions:  
 
                   
M                       M       +    ne	              	anodic





At anodic sites on the surface, the metal atoms undergo oxidation and go into solution as 
ions.  At cathodic sites, the electrons released from the anodic reaction react with some 
reducible component of the electrolyte.  The corroding piece of metal is described as 
"mixed electrode" since simultaneous anodic and cathodic reactions are proceeding on its 




Corrosion reactions are spontaneous due to thermodynamic stability of the 
corrosion product.  In practical terms, it is not possible to eliminate completely all 
corrosion damage to metals.  However, retarding either the anodic or cathodic reactions or 
both electrochemical reactions can reduce the rate of the corrosion.  This can be achieved 
in several ways, namely cathodic protection, anodic protection, galvanization, organic 
coatings, inorganic coatings, ceramic/glass lining and addition of inhibitors.   
 
A corrosion inhibitor is a chemical additive that reacts with a metallic surface to 
give it a certain level of protection and thus reduces the rate of metal wastage.  Inhibitors 
are normally distributed from a solution or dispersion.  Some are included in a protective 
coating formulation.  Inhibitors slow corrosion processes by either increasing the anodic 
or cathodic polarization behavior, reducing the movement or diffusion of ions to the 
metallic surface, or by increasing the electrical resistance of the metallic surface.  The 
efficiency of an inhibitor can be evaluated by comparing anodic and cathodic polarization 
curves and by comparing the corrosion rates estimated from corrosion current. 
 
Inhibitors are used in a wide range of applications, such as the oil and gas 
exploration and production industry, the petroleum refining industry, the chemical 
industry, water treatment facilities, industrial water cooling systems, metal extraction 
plants, and domestic central heating systems.  The largest consumption of corrosion 
inhibitors is in the oil industry, particularly in the petroleum refining industry.  The total 
consumption of corrosion inhibitors in the United States has doubled from approximately 
$600 million in 1982 to nearly $1.1 billion in 1998.  A study
22
 published in September 
2001 revealed that the total direct cost of corrosion was determined to be $279 billion per 
year, which is 3.2 percent of the U.S. gross domestic product (GDP).  Indirect costs to the 
user (society costs) are conservatively estimated to be equal to the direct costs.  This 
means that the overall cost to society could be as much as six percent of the GDP. 
 
Chemical inhibitors are preferred in situation where the corrosive medium is being 
recycled, e.g., water in cooling towers, acid solutions for acid pickling, acid cleaning, 
cooling system of automobiles and other equipment.  A particular advantage of the use of 
 
12 
corrosion inhibitors is that they can be implemented or changed in situ without 
disrupting a process.  Generally, the most commonly used inhibitors in HCl medium 
include alkyl and aryl amines, saturated and unsaturated nitrogen ring compounds, 
ketoximes, imidazoline derivatives, quaternary ammonium compounds, acetylenic 
alcohols and sulfur containing compounds.  Almost all good inhibitors are proprietary 
(secret) mixture of several chemicals (with synergistic effect) the identity of which only 
the chemical companies know.  Organic adsorption inhibitors usually coat metal with an 
oily surface layer to protect the metal.  They displace water molecules from the metal 
surface and thus prevent solvation of metal ions by water and also prevent H+ ions from 

























CHAPTER 2  
 
CORROSION INHIBITION: LITERATURE REVIEW 
 
 
The nature of inhibitor interaction during corrosion inhibition of metals and alloys 
has been deduced in terms of three types of adsorption characteristics of the inhibitors at 
the metal/solution interface:
23-26
 (i) electrostatic adsorption, (ii) adsorption due to the 
influence of the π  bond orbitals, and (iii) chemisorption.  The adsorption is controlled by 
the chemical structure of the inhibitor and by the residual charge on the surface of the 
metal.  Electrostatic adsorption on metal surface is a physical process, which involves 
relatively weak forces with low activation energy.  The ions are not in direct physical 
contact with the metal.  Usually, a layer of water molecule separates them and thus can be 
desorbed very easily.  Chemisorption, however, involves strong interaction between the 
metal surface and an inhibitor molecule.  A coordinate covalent bond involving transfer of 
electron from inhibitor to the metal surface is formed.
27
 Availability of nonbonding 
electrons in heteroatoms, π-electrons in inhibitor containing multiple bonds or aromatic 
rings facilitates electron transfer from the inhibitor to the metal.  The strength of the 
chemisorption bond depends upon the electron density on donor atom of the functional 
group and also the polarizability of the group.  The following sequence describes the 
strength of the adsorption bond based on polarizability and electronegativity of the 
elements.  
 
Se  >  S  >  N  >  O 
 
Based on systematic study of corrosion inhibition of iron by organic amines, it was 
concluded that electron transfer from nitrogen to the metal surface is a chemisorption 
process.  Hard and soft acid base principle (HSAB) was applied to explain the corrosion 
inhibition phenomenon.  According to HSAB principle, soft acids react readily with soft 
 
14 
bases, whereas hard acids like to combine with hard bases.  Thus, sulfur being more 
polarizable (i.e., softer) than nitrogen tends to interact with the neutral metal atoms (soft 
acid) more strongly than nitrogen-containing inhibitors.
28-30
 





 electron density at the donor atom of the 
inhibitor,
33
 solubility and dispersibility of the inhibitor,
34
 and length of hydrocarbon chain 




Molecular structure plays a vital role on corrosion inhibition efficiency.  The 
intimate relation between the chemical structure of the substances and their inhibiting 
action has been investigated
36-40
.  In aromatic and heteroaromatic systems, the electron 
density on the donor atom of an inhibitor can be increased or decreased by introducing 
electron donating or electron withdrawing substituent, respectively, in suitable position of 
the ring structure.  The corrosion inhibitor efficiency of various substituted organic 
inhibitors were correlated using Hammett's parameter which is a measure of the electron 
donating or withdrawing ability of the substituents.
41-43
  In acid solutions, corrosion 
inhibition of iron by pyridinium and quinolinium compounds is thought to take place 




Amines having linear carbon chain and their derivatives are well known corrosion 
inhibitors.
45-52
  The percent inhibition increases with carbon number in the chain to about 
10 carbons, and with higher members little increase or decrease in the ability to inhibit 
corrosion occurs.  Also, increase in the hydrocarbon chain length in homologous series of 
nitriles and mercaptans have been shown to result in an increase in the corrosion 
inhibition efficiency.
53
   
 
Corrosion inhibition of iron in 6 M HCl by various diamines H2N(CH2)nNH2 has 
been reported. For a 'n' value of 3-8, better inhibition was recorded in comparison to the 
diamines with a 'n' value of greater than 8.  The inhibitors with lower 'n' value may form 
adsorption binding through chelation of two amine groups.
54




In the corrosion inhibition of carbon steel in HCl solution by 1-octyn-3-ol, it has 
been postulated that polymer type of film coating was formed on the metal surface.
55
 
Acetylenic derivatives form polymeric film and inhibitor with long alkyl chain covers the 
metal surface,
56
 the barrier film thus formed may involve covalent bond (chemisorption 
bond), π-electron interactions or attractive lateral interactions.  The film prevents mass 
transport and result in inhibition of corrosion.
56
  An excellent work involving the 
electrochemical and quantum chemical studies on the formation of protective films by 
alkynols on iron has been reported.57  The results supported the assumption that film 
formation on iron surfaces from alkynols took place in a two-step process: first 
chemisorption, then polymerization.  The binding of alkynols to iron was studied in model 
electronic structure calculations, which indicated that a dative bond was formed between 
Fe and the triple bond. 
 
Amphoteric surfactants (containing both an anionic and a cationic moiety in the 
same molecule) of the general structure shown in Scheme 9 have also been used as 












At a given concentration of the surfactants, the percent inhibition increases with the 
increase of carbon chain length up to C13.  It is reasoned that these compounds (Scheme 
9) are expected to exert a high retarding effect (due to additive effect of several functional 
groups) of the corrosion process of the mild steel in HCl. 
 
  
NH 2 (CH 2 ) 2 NH    CH  CH 2   C     NHR 
  (R = C 10 H 21 ,   C 11 H 23 ,   C 12 H 25 ,   C 13 H 27 ,   C 15 H 31 ,   C 17 H 35 )  
  CO 2 H   O 
 




Many researchers attempted to correlate the inhibition efficiency of organic 
inhibitors to the electron density of the functional groups.
58-61
   It has been suggested
58
 
that inhibition of corrosion of iron by aliphatic amines is due to chemisorption of the 
amines on the metal surface.  Increase in percent inhibition upto C13 is attributed to the 
increased in the number of electron donating methylene groups.  
 
Some researchers have reported
60,61
 that nitrogen containing compounds gave very 
little inhibition in presence of sulfuric acid and that the presence of halide ions is 
necessary to obtain good inhibition.  High inhibition efficiencies (82%) have been 





Inhibition of steel corrosion by polyaniline coatings in the presence of sulfuric and 
phosphoric acids has been found
65
 to provide good corrosion protection.  The inhibition 
effects of sodium dodecylbenzenesulfonate and hexamethylenetetramine on the corrosion 
of mild steel in sulfuric acid solution has been investigated.
66
 Concentration regions 
showing synergistic and antagonistic inhibition behavior was identified. 
 
The mechanism through which the corrosion inhibitors function has been ascribed 
to adsorption processes on the anodic or cathodic sites or both and for e.g., acetylenic 
alcohols to subsequent polymerization on the steel surfaces.  The essential requirements 
for a good protective film are 
1) polar groups with high affinity to the metal surface. 
2) long chain hydrocarbon tails, attached to the polar groups and hydrophobic in 
character.  
3) polymeric compound formed in secondary reaction between the adsorbed 
inhibitor molecules. 
 
It is difficult to combine the above requirements in a single component.  Hence, 
commercial corrosion inhibitors are usually composed of a number of surface-active 
compounds.  It has been reported that the effective formulations used in the corrosion 
 
17 
inhibition of oil field steel are mixtures of N-containing compounds, acetylenic 
compounds, surfactants, and aldehydes.
67 
 
Some inhibitors (like cinnamaldehyde and acetylenic alcohols) can be recovered as 
polymers from the metal surface indicating that the inhibitors may be interrupting a 
propagating process, which is initiated by H atoms (Scheme 10).  It is common 






Scheme 10.  
 
 
Polymeric materials for corrosion control with emphasis on fundamentals of 
metallic corrosion and factors influencing the corrosion protection performance of 
polymeric coatings was reviewed by Dickie and Floyd.
68
  Numerous polymers have been 
used to provide coatings and adhesiveness to metals, including alkyd, acrylic, epoxy, 
polyester and polyurethane resins.  These polymers are required to bond well to the metals 
and to provide good coverage, in order to provide corrosion resistance and adhesiveness 
to the metals. 
 
A water-soluble acrylic polymeric corrosion inhibitors containing benzotriazole 
moiety was reported.
69
  The polymer, poly(acrylic-co-4- (5-enzotriazole)amidophenyl- 




provide good coverage, good corrosion inhibition and excellent adhesiveness when 
applied to the surface of oxidizable metals. 
 
 












Scheme 11.  
 
Azole compounds or polybenzimidazoles (PBI) have been used to inhibit corrosion 
of, and provide adhesiveness to, copper metals, in particular copper lead frames.  Azole 
compounds including benzotriazole (BAT) are advantageously used because they are 
water-soluble. 
 
Cationic polymers (specifically polyquaternary amines) prepared from reacting 
mono- or polyamines with polyfunctional organic compounds, e.g., epihalohydrins, 
organodihalides, and unsaturated dihalides, which are capable of both quaternizing and 
extending the molecular weight of the amine were patented three decades ago.
70
  These 
polyquaternary amino polymers, having at least about 10% of the polymer units with 
quaternary amino units, were found useful as corrosion inhibitors for highly acid systems 
such as pickling inhibitors for ferrous metals and corrosion inhibitors in acidizing media 
employed in deep well petroleum and gas recovery. 
 
Synthesis of a nitro-substituted polymeric compound that was found useful as a 
combined corrosion inhibitor and metal surface modification, particularly aluminum flake 
pigment surface modification has been reported.
71
  The polymeric compound includes a 






New classes of polymeric corrosion inhibiting compositions incorporating pendant 
heterocyclic groups (Scheme 12) which are surprisingly effective copper corrosion 
inhibitors were disclosed.
72
 The polymers form a protective barrier on metallic 
components to aqueous systems and remain substantive on metallic surfaces over a wide 
pH range.  Moreover, the polymers are resistant to oxidizing biocides, and are 
substantially impervious to repeated or prolonged exposure to corrosive agents. 
 
  
























A composition for preventing or retarding the formation of gas hydrates during the 
transport of a fluid comprising water and a hydrocarbon through a conduit was reported.
73
  
The composition is a copolymer of vinyl caprolactam and vinyl pyridine (3-25%), and 
terpolymers thereof, with vinyl pyrrolidone.  The polymers also may be quaternized, 
suitably with about a C1-18 alkyl halide; e.g., an alkyl iodide.  These polymeric corrosion 
inhibitors find special utility in the prevention of corrosion of pipe or equipment which is 
on contact with a corrosive oil-containing medium.  The polymers exhibit advantageous 
dual corrosion and gas hydrate inhibitory characteristics. 
 
The combinations of an unsaturated (a vinyl or acrylic monomers) and a peroxy 







to act as film-forming inhibitors of the acid corrosion of mild steel corrosion.
74
  A 
modified poly(methacrylonitrile) film (Scheme 13) is formed on the metal surface which 
slows down both the anodic and cathodic partial reactions with the inhibiting efficiencies 
being near 99%.  Inhibition was observed to occur over a wide range of pH and 
concentrations of the unsaturated compound.  A drawback, however, is that 














)Ar] have been synthesized and investigated
75
 for 
evaluating their efficiency as inhibitors for the corrosion of mild steel in 1 M HCl.  
Substituted nitrones have been well known since the turn of the century.
2,6
  Many methods 
of preparation have been described in the literature.
2,6
  The condensation of aldehydes 
with phenylhydroxylamines
76,77
 gives the corresponding nitrones in relatively high yields.  
The nitrone function is a typical 1,3-dipole which reacts with CC-double and CC-triple 




A variety of isoxazolidines (Scheme 14) have been synthesized by nitrone 
cycloaddition reaction and tested
14  
for the inhibition action on the corrosion of mild steel 
for the first time in 1 M HCl using gravimetric and polarization techniques.  These 
isoxazolidines have polar head and nonpolar tail.  The inhibition efficiency depends on 
the length of the hydrophobic alkyl chain R because a compound with larger nonpolar tail 
 
21 
will cover the surface with fewer molecules compared with one with a smaller tail.  










































S.A. Ali et al. synthesized several new isoxazolidines
15
 using cycloaddition 
reactions of different alkenes with various nitrones (Scheme 15).  These new 
cycloadducts with different degree of steric crowding and hydrophobic chain length were 
tested for corrosion inhibitions of mild steel in 1 M and 5 M HCl by gravimetric and 









and having the most crowded environment around the nitrogen center are excellent 

















a, R1= CH3;               R
2= (CH2)5CH3
b, R1= CH3;              R
2= (CH2)11CH3
c, R1= CH(CH3)2;     R
2= (CH2)11CH3
d, R1= C(CH3)3;       R
2= (CH2)11CH3  
Scheme  15. 
 
 
A. Yildirim and M. Cetin synthesized various derivatives of isoxazolidine.  These 
different kinds of isoxazolidine are obtained by normal 1,3-dipolar cycloaddition reactions 
of three different long chain alkenes containing O or S as hetero atoms and C,N-diphenyl 
nitrone in toluene for long time (Scheme 16).
16
  Corrosion inhibition efficiencies (IE%) 
for synthesized compounds were tested in 2 M HCl  for 20 hours at room temperature and 








































































Polymerization by 1,3-dipolar cycloaddition reactions of'-(p-phenylene) bis(N-
phenylnitrone) 50 with diolefins m-phenylenebismaleimide 51 which gave a polymer 52 
that did not melt at 300
o










































Recently, the synthesis of various high molecular weight polymers bearing 
isoxazolidine ring has been reported by Ritter et. al.
7
 Namely, polymer 55 was prepared 
via 1,3-dipolar polycycloaddition of N,N'-dimethyl-p-phenylenedinitrone (53) with N,N'-


























To reduce steric hindrance in the main chain, some bis(nitrone)s with flexible 
aliphatic spacer between two N-methylnitrone functions were utilized for next 
polycycloaddition (Scheme 19).  Completely mechanically stable transparent coatings 































(A2 + N2) cycloaddition polymerization has been employed to synthesize various 
linear poly(isoxazolidine)s by Wayne Hayes et. al. (Scheme 20).
12
  Bisnitrone 53 was 
copolymerized with monomers featuring electron deficient  maleimide (59 and 60) and 
acrylic moieties (63- 65).  The polymerization was made under high pressure (4.5 kbar, 40 
o
C, DMF) over a period of 6 days to give mainly endo-cycloadducts as determined by 
1
H 
NMR.  The poly(isoxazolidine)s obtained via this strategy possessed molecular weights 



































































Homopolymerization of 4-(methacryloyloxy)benzaldehyde-phenylnitrone (69) 
using AIBN as free radical initiator failed as reported by Helmut Ritter and Michael 
Heinenberg (Scheme 21).
79
  Also, copolymerization of 69 with methyl methacrylate 
(MMA) did not give expected polymethacrylate. FD-mass-spectra signals reveals that 











































For a successful preparation of polymers containing nitrone groups in the side 
chain, it was intended to synthesize polymers with free aldehyde functions which can be 
converted to nitrones in the final step by reacting the polyaldehydes with 
phenylhydroxylamine.  The monomers that contain aldehydes can be copolymerized with 
MMA radically at 70 
o
C using AIBN (Scheme 22).  The new polymers are photosensitive 










































































































Various vinylbenzaldehydes were polymerized using AIBN as initiator at 70 °C for 










R n I 
Me 5 : 95 
H 33: 67 
 
R n m 
Me 1: 0.95 
H 1: 1.4 
 
R n m I 
Me 2:  7: 3 











Polymeric nitrones were produced by converting the free aldehydes groups to nitrones 
when the aldehydes functions react with excess of N-isopropylhydroxylamine (Scheme 
23).  Nitrones which are photosensitive moieties were irradiated and examined for the 




































































Kenta Tanaka et. al.
80
 successfully produced poly(methyl methacrylate) 
(PMMA) containing a diarylnitrone derivative as side group by radical copolymerization 
(Scheme 24).  Demonstrating steric hindrance, the two methyl groups introduced into the 
ortho positions on the N-arylbenzene ring almost completely suppressed the 1,3-dipolar 
cycloaddition of MMA to the nitrone moiety.  This copolymer was synthesized in order to 
study refractive index which may be controlled by irradiation because the polymer has the 




































THE OBJECTIVES AND THE WORK PLAN OF THE STUDY 
 
3.1  General Objectives  
 
From basic research point of view, the objective of this work is to study various 
aspects of alkene-nitrone polycycloaddition reactions involving A-N-type and N-N and A-
A-type monomers (A denotes alkene; N denotes nitrone).  Polymerization kinetics would 
indeed be of help in judiciously controlling the length of the polymer chain.  The effects 
of spacer alkyl chain and molecular weight on solubility in aqueous media, and on the 
coverage of metal surface would be of great interest in corrosion inhibition study. 
 
From applied research point of view, the objective is to study the efficiencies of the 
new polyisoxazolidines in corrosion inhibition of mild steel in corrosive environments.  
To the best of our knowledge, the use of polyisoxazolidines in corrosion inhibition study 
has so far not been reported. The synthetic utility of nitrone cycloaddition reactions in 
most cases deals with construction of low molecular weight five-membered heterocyclic 
ring systems.  To the best of our knowledge, only minor pieces of information are 
available about the application of nitrone cycloaddition reactions to prepare linear 
polyisoxazolidines.  The corrosion inhibition study involving polyisoxazolidines has not 
been reported so far. 
 
Following are the specific objectives of the study: 
 
1.  Synthesis of specialty alkene-N-hydroxylamines, alkene-nitrones, dialkene and 
dinitrones (Scheme 25 and Scheme 26). 
 
2.  Exploring kinetics of polymerization of alkene-nitrones to polyisoxazolidines 




3.  End-capping for some of the living polymers (Scheme 33). 
4. Characterization of the synthesized compounds/polymers using various spectroscopic 
techniques. 
 
5. Measurements of corrosion inhibition efficiency of the synthesized polyisoxazolidines 
(in various concentrations) in acidic solutions (1M HCl and 1N H2SO4). 
 






C NMR spectroscopy will be used to characterize the various synthesized 
monomers as well as the polymers.  The average molecular weight of the polymers will be 
determined by end-group analysis using NMR spectroscopy. 
 
3.3 Corrosion Testing of the Polyisoxazolidines 
 
The newly developed corrosion inhibitors are organic in nature and are tailored to 
provide protection to mild steel in corrosive acidic environment.  Corrosion tests are 
comprised of gravimetric measurements and potentiodynamic polarization curves.  
 
3.3.1 Gravimetric  Measurements  
 
Corrosion inhibition tests in acid solution are performed using coupons measuring 
about 2.5 x 1.5 x 0.1 cm3 prepared from mild steel of known elemental composition.  A 
solution of 1 M HCl is prepared from concentrated HCl using deionized water.  The mild 
steel coupons are polished with emery papers, then degreased with acetone and washed 
with deionized water.  The coupons are dried and kept in a dessicator.  Inhibitor efficiency 
are determined at 60 ºC for 6 h by hanging the coupon into the acid solution (150 cm
3
) (in 
open air) containing various amount (0  (blank), 50, 100, 200, 400 ppm) of the 
synthesized inhibitors.  After the elapsed time, the cleaning procedure is consisted of 
wiping the coupons with a paper tissue, polishing lightly with emery paper, washing with 
distilled water, acetone followed by oven drying at 110ºC.  Percent inhibition (%IE) will 





)(inhibitor loss  weight -  (blank) lossWeight 
  IE%   
 
Weight loss (blank) and weight loss (inhibitor) represent weight loss in absence and 
presence of inhibitor, respectively. 
 
3.3.2 Electrochemical Measurements: Tafel Extrapolation Method 
 
For potentiodynamic polarization studies, mild steel coupons embedded in araldite 
(affixing material) with an exposed area of 2.0 cm
2
 are used, and experiments are carried 
out in 100 cm
3
 of solution containing 0 and 200 ppm inhibitors at 60ºC until a steady-state 
open circuit potential is obtained.  The electrochemical cell is assembled in a 250 ml 
round-bottomed flask consisting of mild steel working electrode; the graphite electrode
 
of 
approximately 5 mm diameter works as a counter electrode, and a saturated calomel 
electrode (SCE) is used as a reference electrode.  All three electrodes are connected to a 
potentiostat (Model 283, EG&G PARC) through an electrometer.  Potential range of 
±250mV with respect to open circuit potential and a scan rate of 1.6 mV/s are applied.  
 
The Tafel plots of each tested inhibitor in 1 M HCl solution and of 1 M HCl (blank) 
are plotted.  Each pair of Tafel plots is analyzed to obtain corrosion current density and 








CR = corrosion rate in mpy 
a = atomic weight of the metal 
n = number of electrons in the reduction of the metal ions. 
D = density of the metal in g/cm
3
. 
i = corrosion current density A/cm2. 
 

































CHAPTER  4 
 
RESULTS   AND   DISCUSSION 
 
4.1 Synthesis of Monomers 
 
11-Bromo-1-undecene (90) upon treatment with excess hydroxylamine 
hydrochloride in the presence of NaOH afforded N-(10-undecenyl) hydroxylamine (91) in 
moderate yield (Scheme 25). The hydroxylamine when reacted with formaldehyde (92a) 





C NMR spectra confirmed the structure of the nitrones.  The signals at 6.31 (1H, 
d, J 7.7 Hz) and 6.49 (1H, d, J 7.7 Hz) ppm were assigned to the methylene protons of 
carbon terminal of the nitrone functionality in 93a, while the alkene protons appeared at  
4.91 (2H) and 5.77 (1H)   ppm.  For the alkene-nitrone 93b, proton attached to the nitrone 
moiety was displayed at  6.75 (1H, q, J 5.8 Hz) ppm. As expected, the carbon of the 
nitrone functionality and alkene moieties appeared at 138.90 and (113.94, 134.11) ppm, 
















































92a: R = H
92b: R = CH3 93
94
95, m = 1
90, m = 9
96
a, m = 1
b, m = 9
97
a, m = 1











Another type of alkene-nitrones 97 was prepared for the first time using procedure 
as outlined in Scheme 25. Thus, inexpensive starting material p-hydroxybenzaldehyde 
(94), on treatment with ethoxide followed by allyl bromide (95) or 11-bromo-1-undecene 
(90), gave the alkenyloxybenzaldehydes 96a and 96b, respectively, in excellent yields. 
 
The alkene-aldehydes 96a and 96b, on condensation with N-methylhydroxylamine, 
afforded the alkene-nitrone 97a and 97b, respectively  (Scheme 25). 
 
p-Dihydroxybenzene (98) was diallylated to give the diallyloxybenzene (99).  The 
dialdehyde compounds 100 and 102 were converted to the dinitrones 101 and 103 










































































4.2 Polymerization of the alkene-nitrones 
 
4.2.1 Polymerization of the alkene-nitrone 93a 
 
4.2.1.1 Synthesis of polyisoxazolidines and kinetics of polymerization reactions 
 
The nitrone 93a was allowed to undergo polymerization to 104a at 65°C in CDCl3 
(Scheme 27), and 
1
H NMR spectra were recorded at several intervals (Fig. 4) to get the 
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Figure 4:   
1
H NMR Spectra of (a)  alkene-nitrone 93a  and  104a oligomer   
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4.2.1.2  Determination of degree of polymerization: 
 
The end groups of the polyisoxazolidine 104a have a total of 5 alkenic and 18 
aliphatic protons. The NMR signals for the end group aliphatic protons (18) and the 23 
protons of the repeating unit in the polymer, all appear below  4.2 ppm. However, area 
(A) under the alkenic proton Hc at  5.77 ppm permitted us to calculate the area of the 18 
end group aliphatic protons as (A×18). So, the  23 protons of the repeating unit in the 
polymer will account for an area of  [T – (A×18)], where T is the total area of signals 
appear below  4.2 ppm. Therefore, area of a single proton belonging to the repeating unit 
equals [T – (A×18)]/23. Thus, the value of „n‟ and the degree of polymerization (DP) 
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and the degree of polymerization (DP) would then equal „n +1‟. 
 
DP  =  n + 1 
 
The results of the polymerization of a 0.467 M solution of nitrone-alkene 93a in 
CDCl3 at 65°C are given in Table 1. The second order rate of the polymerization reaction 





























DP – 1 = [M]okt 
DP = [M]okt  +  1 
 
Where [M]o and [M] are the concentration at the initial and at various times, „p‟ is 
the fraction of alkene functionality reacted and 1/(1-p) denotes the DP.  The DP versus t 
plot is given in Figure 5 which indicates a straight line plot at the lower t values, but the 
plot takes a downward trend at higher times. This happens presumably as a result of 
degradation of the nitrone functionality prior to the occurrence of the desired 1,3-dipolar 
cycloaddition.
5
  As evident from the Table 1, the ratio of the alkene/nitrone functionality 
increases with time while they remain close to 1 at lower range of times. So, the DP 
versus t plot at lower range of times is given in Figure 6 which gave a straight line plot 






. The polymer, rather 


























Table 1: The results of the polymerization of nitrone-alkene 





Ratio of Hc/Hd 
1 0.25 1.25 1.00 
2 0.32 1.32 1.11 
3 0.49 1.49 1.25 
4 0.59 1.59 1.27 
5 0.67 1.67 1.30 
6 0.77 1.77 1.35 
10 1.33 2.33 1.50 
14 1.65 2.65 1.76 
19 2.46 3.46 1.98 
33 3.21 4.21 2.30 
40 4.04 5.04 3.09 
62 5.21 6.21 3.10 
132 8.88 9.88 5.21 
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Figure 5: Degree of polymerization versus time of the polymerization of 




































y = 0.1066x + 1.1427 
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Figure 5: Degree of polymerization versus time of the polymerization of 
alkene-nitrone (93a) in CDCl3 at 65 
o




The polymerization reaction was also carried out in toluene at 80°C, and 
1
H NMR 
spectra were recorded at several intervals.  There were no 
1
H NMR signals for the nitrone 
functionality, whereas the excess alkene protons remained as can be seen in Figure 7.  The 
spectra remained unchanged after 24 h or 48 h of heating.  The DP of ~5 remained 
unchanged. This happens, as discussed earlier, as a result of degradation of the nitrone 
functionality prior to the occurrence of the desired 1,3-dipolar cycloaddition.
5
  This 















































































































4.2.2 Polymerization of the alkene-nitrone 93b 
 
The alkene-nitrone 93b was allowed to undergo polymerization at 65°C in CDCl3 
(Scheme 28), and 
1
H NMR spectra were recorded at several intervals to get the rate 
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The polymerization of alkene-nitrone 93b was found to be very slow at 80 or 90°C 
in toluene-d8.  Extensive decomposition of the nitrone functionality happened before the 
cycloaddition reaction could happen. A solution of the nitrone 93b (0.437 mmol) in 
toluene-d8 (1 cm
3
) was thermolyzed in a NMR tube at 100°C.  The 
1
H NMR spectra of the 
nitrone 93b at zero time and that of the reaction mixture after 80 h of thermolysis at 
100°C are given in Figure 8.  The NMR spectra remained similar after 30, 50 or 80 h of 
thermolysis.  The polymerization equations used for the polymerization of nitrone 93a 
(vide supra) are modified for 93b for which the end groups have a total of 4 alkeneic and 
21 (i.e. (CH2)9 and N-Me) aliphatic protons and the repeating unit has 25 protons. Now 
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and the degree of polymerization (DP) would then equal „n +1‟. The spectral 
analysis revealed the value of DP as 1.9 only.  
 



































































4.2.3. Polymerization of the alkene-nitrone 97a 
 
4.2.3.1. Synthesis of polyisoxazolidines 105a 
 
A 1.26 M solution of nitrone 97a in toluene was allowed to undergo polymerization 
at 120°C (Scheme 29), and 
1
H NMR spectra were recorded at several intervals (Fig. 9) to 














a total of 4H of the polymer repeating unit at C-3, C-5, and 
C(5)CH2O and 5H (NMe and CH2O of end groups) appear in 





















     Figure 9: 
1
H NMR Spectra of  (a) alkene-nitrone 97a , and  oligomers 105a at (b)12 
























(b) : 12h 





4.2.3.2 Determination of degree of polymerization: 
 
Five protons (NMe and CH2O) of the end groups and 4 protons of the repeating unit 
appear in the  range 3.3-4.6 ppm.  Area (A) under the alkenic proton Hc at  6.04 ppm 
permitted us to calculate the area of the 5 end group aliphatic protons  in the  range 3.3-
4.6 ppm as (A×5). So, the 4 protons of the repeating unit of the polymer in the same  
range will account for an area of  [T – (A×5)], where T is the total area of signals appear 
in the  range 3.3-4.6 ppm. Therefore, area of a single proton belonging to the repeating 
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and the degree of polymerization (DP) would then equal „n +1‟. 
 
The results of the polymerization of a 1.26 M solution of nitrone-alkene 97a in 
toluene at 120°C are given in Table 2. As discussed earlier, the second order rate of the 
polymerization yields the following equations: 
 
DP – 1 = [M]okt 
DP = [M]okt  +  1 
 
Where, [M]o is the initial monomer concentration. The DP versus t plot is given in 
Figure 10 which indicates a straight line plot. As evident from the Table 2, the ratio of the 
alkene/nitrone functionality remained close to 1. So, the DP versus t plot at lower range of 







. The polymer, rather the oligomer, 105a has a DP of 6.4 at the end 









































Ratio of Hc/Hd 
2 0.35875 1.36 1 
4 0.60875 1.61 1 
8 0.85875 1.86 1 
12 1.10875 2.11 1 
41 3.355 4.36 1.1 
72 5.1315 6.13 1.1 


































y = 0.0687x + 1.3157 
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Figure 10: Degree of polymerization versus time of the polymerization of 






4.2.4 Polymerization of the alkene-nitrone 97b 
 










H NMR spectra were recorded at several intervals (Fig. 11) to get the rate 
constant for the second order kinetics as described in the polymerization of 97a. The DP 
was calculated as described for the case of 97a. The end groups in polymer 105b (similar 
to 105a)  have a total of 5 protons (NMe and CH2O) and the repeating unit has a total of 4 
























A total of 4H of the polymer repeating unit at C-3, C-5, and C(5)-CH2-O-ph 










Figure 11:  
1
H NMR Spectra of  (a)  alkene-nitrone 97b , and  oligomer 105b  






(b) : 24h 
(a) 
















As evident from the Table 3, the ratio of the alkene/nitrone functionality remained 
close to 1. The DP versus t plot is given in Figure 12 which gave a straight line plot and 






. The polymer, rather the 


























Table 3: The results of the polymerization of 97b in toluene 





Ratio of Hc/Hd 
24 0.64 1.64 1 
48 0.98 1.98 1 
72 1.28 2.28 1 


































y = 0.0153x + 1.2393 
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Figure 12: Degree of polymerization versus time of the polymerization of 






4.3. Copolymerization of dialkene 99 and dinitrone 101 
 
4.3.1 Synthesis of polyisoxazolidine 106 
 
The copolymerization of dialkene 99 and dinitrone 101 was carried out in DMF at 
120 
o
C. Toluene as a solvent was avoided due to solubility problem. 
1
H NMR spectra 
were recorded at several intervals (Fig. 13) to get the rate constant for the second order 
kinetics as described below.   
 
4.3.2  Determination of degree of polymerization: 
 
As shown in the Scheme 31, the end groups and the repeating unit in polymer 106 
have 14 and 18 aliphatic protons, respectively in the  range 1.5-4.6 ppm.  The area for 
the proton signals of solvent DMF (Me2NCHO) are excluded from the calculation. Area 
(A) under the alkenic proton Hc at  6.04 ppm permitted us to calculate the area of the 14 
end group aliphatic protons  in the  range 1.5-4.6 ppm as (A×14). So, the 18 protons of 
the repeating unit of the polymer in the same  range will account for an area of  [T – 
(A×14)], where T is the total area of signals appear in the  range. Therefore, area of a 
single proton belonging to the repeating unit equals [T – (A×14)]/18. Thus, the value of 
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and the degree of polymerization (DP) would then equal „2n +1‟. 
 













































18 aliphatic protons in the range  1.5 - 4.6 ppm
 8 aromatic protons in the range  6.5 - 7.5 ppm
 
14 aliphatic protons in the range  1.5 - 4.6 ppm
8 end group aromatic protons and 1 Hd  

















The results of the polymerization of a 1.62 M (concentration of the alkene and 
nitrone groups) solution of dinitrone 101 and dialkene 99 in DMF at 120°C are given in 
Table 4. The concentration of the reactants was 0.808 M in each, however, the 
concentration of the functional groups will be twice as much. As discussed earlier, the 
second order rate of the polymerization yields the following equations: 
 
DP – 1 = [M]okt 
 
DP = [M]okt  +  1 
 
Where, [M]o is the initial concentration. As evident from the Table 4, the ratio of 
the alkene/nitrone functionality remained close to 1. The DP versus t plot is given in 







. The polymer, rather the oligomer, 106 has a DP of 21 at the end of 136 























H NMR Spectra of  (a)  dialkene 99 , (b) dinitrone 101 and  (c) oligomer 






























































Table 4: The results of the polymerization of dialkene 99 and 





Ratio of Hc/Hd 
32 0.95 2.90 1 
68 3.57 8.13 1 
100 6.15 13.3 1 






























































Figure  14. Degree of polymerization versus time of the polymerization of dialkene 99
                  and dinitrone 101 in DMF at 120oC.  
 
Figure 14: Degree f polymerization versus time of the polymerization of dialkene 






4.4. Copolymerization of dialkene 99 and dinitrone 103 
 
Finally, we attempted the polymerization of the p-diallyloxybenzene (99) and N,N'-
dimethyl-1,5-pentylidenedinitrone (103) (Scheme 32) in a 1:1 ratio in toluene at 110 
o
C 
for about 92 h. The 
1
H NMR spectrum revealed the absence of protons attributed to the 
nitrone functionality (CH=NO(CH3) as shown in Figure 15, while the dialkene end group 
protons are present in considerable amount. In order to react with the terminal alkene end 
groups, more of the dintrone 103 (5.0 mmol) was added and the mixture was polymerized 
for a further 24 h to yield polymer 107 (Scheme 32).  Since the proton spectrum failed to 
reveal the presence of end group proton, we were unable to determine the degree of 
polymerization. A pure sample of the dinitrone 103 was thermolyzed in toluene at 110 
o
C 
for 92 h. The 
1
H NMR spectrum revealed the complete decomposition of the nitrone into 






































































H NMR Spectra of  (a)  dialkene 99 , (b) dinitrone 103, ( c)  dialken-dinitrone 
mixture at 0 hours at room temperature,  (d) oligomer 107at 105
o
C  for 18 hours with 
excess dinitrone, and (e) 107 oligomer at 110
o





























































































4.5 End-capping of the living polymer(s)  
 
The alkene-nitrone will give living polymers, one terminal of which could be 
capped by reacting with reactive alkenes like, methyl acrylate as shown in Schemes 33.  














































Figure 17:  
1
H NMR Spectra of (a) oligomers 105a at 46 hours and (b) oligomers 105a  





























The results of weight loss measurements for various concentrations of the 
inhibitor molecules at 60C after 6 h of immersion in 1 M HCl and 0.5 M H2SO4 are 









Weight loss (blank) and weight loss (inhibitor) represent weight loss in absence and 
presence of inhibitor, respectively. Triplicate determinations were made with each of the 
inhibitors and with solutions containing no inhibitor. In some cases where the deviations 
are larger, the weight loss measurements were carried out for the fourth or even fifth time 
in order to get the desired standard deviation. Relative weight losses of the coupons were 
used to calculate the percent inhibition efficiency (%IE) as described.
14
  In most of the 
cases, the coupons were of almost identical size and mass. However, in some cases where 
the masses differed, relative weight loss of the coupons were used to calculate the percent 
inhibition efficiency (%IE) using the following equation 
 
where oW is the mean relative weight loss of the coupons in the blank solutions, and 
W is the relative weight loss of the coupon in the inhibitor solution. In the following 
equations, Wib and Wfb are the initial and final masses, respectively, of the coupons in 
blank solutions and Wis and Wfs are the initial and final masses of the sample coupon in 
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The average percent inhibition efficiency reported in the Tables 5, 6, and 8 is 
found to have a standard deviation of 0.3-3.5%.  Results of Tafel plots and polarization 
resistance method of mild steel sample in solutions containing 200 ppm of the inhibitors 





























































Table 5:  Inhibition efficiency (%IE) using gravimetric measurements for 
different concentrations of inhibitors for the inhibition of corrosion of mild 
steel in 1 M HCl and 0.5 M H2SO4 exposed for 6 h at 60ºC. 
Compoun
d 
%IE in HCl at ppm 
 10      25      50     100       200     400 
 %IE in H2SO4 at ppm 
  50        100      200 
97a 6.0 19 30 53 69 83  11 15 24 
97b   24 31 39   2 5 7 















b   88 91 91   77 83 86 
105a
c   91 92 91   78 80 87 
105a
d   90 91 92   79 82 83 
105b   55 57 67   3.4 39 57 
106   89 91 92   44 49 48 
107   86 86 89   45 21 16 
a
ND: not determined;  
b
sample of DP = 2;  
  
c
sample of DP = 4; 
 d
sample of DP = 6.4.   
 
75 
4.7   Electrochemical Measurements 
 
4.7 .1   Polarization Curves 
 
Each pair of Tafel plots was analyzed to obtain corrosion current density and 
corrosion potential.
14
  The results of Tafel plots for mild steel in 1 M HCl (blank) and 1 M 
HCl solution containing 200 ppm of the inhibitors at 60C are summarized in Tables 6 
and 7.  Results of Tafel plots for mild steel sample in solutions containing 200 ppm of the 
inhibitors in 0.5 M H2SO4 at 60 ºC are summarized in Tables 8 and 9.  The Tafel plots for 
mild steel in 1 M HCl (blank) and 1 M HCl solution containing 200 ppm each of the 
monomers 97a and 97b and each of the inhibitors 104a, 104b, 105a, 105b, 106 and 107 at 
60 
o
C are shown in Figs. 18-30.  The Tafel plots for mild steel in 0.5 M H2SO4 (blank) 
and 0.5 M H2SO4 solution containing 200 ppm each of the monomers 97a and 97b and 
each of the inhibitors 104a, 104b, 105a, 105b, 106 and 107 at 60 
o
C are shown in Figs. 
31-40. 
 
4.7.2  Linear Polarization Resistance  
 
The inhibition efficiency (IE) in 1 M HCl and 0.5 M H2SO4 at 60 ºC from linear 














Where, Rp and R'p are the polarization resistance in the absence and presence of 
various concentrations of the inhibitors, respectively. Values of R'p and Rp and the 






















Table 6:  Results of Tafel plots and polarization resistance method of mild steel sample 
in solutions containing 200 ppm of the inhibitors in 1 M HCl at 60 ºC. 
 















%IE Rp  (Ω) %IE 
Blank
a -453 40.1 85.6 2559  2.2 – 
97a -510 64.4 134.9 636.5 75 11.2 80 
104a -483 96.3 169.9 310.9 88 36.7 94 
104b -469 82.3 173.8 134.8 95 70.6 97 
107 -488 41.8 56.6 24.4 99 31.7 93 
a
















Table 7:  Results of Tafel plots and polarization resistance method of mild steel 
sample in  solutions containing 200 ppm of the inhibitors in 1 M HCl + 2 ml DMF at 
60 ºC. 
 















%IE Rp  (Ω) %IE  
Blank
a -501 72.0 144 1668  5.0 – 
97b -512 64.7 146 1724.5 -3.4 5.26 4.2 
105a
b -479 115 144 294.7 82 30.2 83 
105a
c -446 85.5 93.1 227.4 86 34.3 85 
105a
d -444 74.9 88.3 193.7 88 64.1 92 
105b -492 88.8 127 125 93 70.6 93 
106 -469 59.1 109 64.1 96 115. 96 
a
A solution of 200 ppm of each compound was used. The blank was 1 M 
HCl + 2 ml DMF  solution; 
 b
sample of DP = 2;  
 c
sample of DP = 4;  
 
d



















Table 8:  Results of Tafel plots and polarization resistance method of mild steel 
sample in  solutions containing 200 ppm of the inhibitors in 1 N H2SO4 at 60 ºC. 
 















%IE Rp  (Ω) %IE 
Blank
a -499 71.1 149.1 2354  3.9 – 
97a -509 87.2 177.2 2835 -20 4.8 10 
104a -435 21.5 159.5 209.8 91.1 32.9 88 
104b -447 36.5 276.7 749 68.2 13.0 71 
107 -486 60.2 144.1 1574 33 7.3 47 
a




















Table 9:  Results of Tafel plots and polarization resistance method of mild steel 
sample in solutions containing 200 ppm of the inhibitors in 1 N H2SO4 + 2 ml DMF at 
60 ºC. 















%IE Rp  (Ω) %IE 
Blank
a -511 101 175 3844 – 3.2 – 
97b -503 -41.5 172 1389.5 63.9 10.0 68 
105a
b -486 40.7 170 930 75.8 14.4 78 
105b -493 41.0 114 645.5 83.2 8.9 64 
106 -464 31.8 137 577.5 85 12.8 75 
a
A solution of 200 ppm of each compound was used. The blank was a 1 N H2SO4 + 
2 ml DMF solution. 
 b













Figure 18.  Potentiodynamic polarization curves for mild steel in 1 M HCl (blank) and 1 























Figure 19.  Potentiodynamic polarization curves for mild steel in 1 M HCl + 2 ml DMF 























Figure 20.  Potentiodynamic polarization curves for mild steel in 1 M HCl (blank) and 1 

























Figure 21.  Potentiodynamic polarization curves for mild steel in 1 M HCl (blank) and 1 


























104a 104b  
 
Figure 22.  Potentiodynamic polarization curves for mild steel in 1 M HCl (blank) and 1 

























105a    DP=2
 
Figure 23.  Potentiodynamic polarization curves for mild steel in 1 M HCl + 2 ml DMF 

























105a    DP=4
 
Figure 24.  Potentiodynamic polarization curves for mild steel in 1 M HCl + 2 ml DMF 

























105a    DP=6.4
 
Figure 25.  Potentiodynamic polarization curves for mild steel in 1 M HCl + 2 ml DMF 
(blank) and 1 M HCl + 2 ml containing 200 ppm of the polyisoxazolidine 105a of DP = 



























Figure 26.  Potentiodynamic polarization curves for mild steel in 1 M HCl + 2 ml DMF 
(blank) and 1 M HCl + 2 ml containing 200 ppm of the polyisoxazolidine 105a (i), 105a 
(ii) and 105a
 


























Figure 27.  Potentiodynamic polarization curves for mild steel in 1M HCl + 2 ml DMF 
































Figure 28.  Potentiodynamic polarization curves for mild steel in 1M HCl + 2 ml DMF 
(blank) and 1 M HCl + 2 ml containing 200 ppm of the monomer 97b and 


































Figure 29.  Potentiodynamic polarization curves for mild steel in 1M HCl + 2 ml DMF 




































Figure 30.  Potentiodynamic polarization curves for mild steel in 1 M HCl (blank) and 1 





















Figure 31.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 (blank) 























Figure 32.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 + 2 ml 























Figure 33.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 (blank) 

























Figure 34.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 (blank) 




























Figure 35.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 (blank) 



























Figure 36.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 + 2 ml 
DMF (blank) and 0.5 M H2SO4 + 2 ml DMF containing 200 ppm of the polyisoxazolidine 


























Figure 37.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 + 2ml 
DMF (blank) and 0.5 M H2SO4 + 2 ml DMF containing 200 ppm of the polyisoxazolidine 




































Figure 38.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 + 2 ml 
DMF (blank) and 0.5 M H2SO4 + 2 ml DMF containing 200 ppm of the 


































Figure 39.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 + 2 ml 
DMF (blank) and 0.5 M H2SO4 + 2 ml DMF containing 200 ppm of the polyisoxazolidine 




































Figure 40.  Potentiodynamic polarization curves for mild steel in 0.5 M H2SO4 (blank) 












The newly synthesized inhibitor oligomers have been tested for their %IEs by 
various methods. The results of the inhibition study in 1 M HCl and 0.5 M H2SO4 at 60°C 
using gravimetric method are given in Table 5. Gravimetric method is indeed the most 
simple and reliable method for the determination of inhibition efficiency, nonetheless the 
results (Tables 6-9) for the inhibition efficiency by the electrochemical method using 
Tafel plots corroborate the results from gravimetric method.  
 
All the oligomers used in this study are highly surface-active and showed excellent 
inhibition of corrosion in 1 M HCl (Table 5); the inhibitor 104b achieved inhibition 
efficiencies of ~ 99% in the presence of 400 ppm. Most of the inhibitors achieved 
maximum efficiencies at a concentration of 50 ppm, thereafter the %IE is leveled off upon 
further increasing the inhibitor concentrations. The decrease in %IE for 105b, in 
comparison with 105a, could be attributed to the solubility problem associated with the 
longer chain length. It is worth mentioning that the dimer, tetramer and hexamers of 105a 
gave similar protection in the acidic media. Note that the molecules 97a and 97b, the 
corresponding monomers of the oligomeric 105a nad 105b, gave considerably lower 
%IEs (Table 5). 
 
While the cationic ammonium compounds are known to be very effective inhibitors 
in HCl against corrosion of mild steel, these are not good inhibitors in plain sulfuric acid 
media as a result of the sulfate ions being strongly adsorbed on the metal surface, thereby 










 and a quaternary ammonium 
salt
86
 have been shown to be moderately effective, while a group of isoxazolidines 
demonstrated better efficiency in arresting corrosion of steel in sulfuric acid media
14,87-89
. 
Note that the inhibitors 105a demonstrated very good protection both in HCl as well as 




The results obtained from the Tafel plots and linear polarizations (Table 6-9) 
corroborated the findings of the gravimetric method. The oligomers gave very good to 
excellent protection while the monomers 97a (Table 6) and 97b (Table 7) faired poorly. 
The presence of inhibitors has resulted in lowering the corrosion current density 
significantly, thereby confirming their inhibitive nature. It is evident from the Tafel plots 
of the compounds that the inhibitor adsorption shifted the corrosion potential (Ecorr), in 
most cases (Table 6)  in the negative direction with reference to the blank in 1 M HCl, 
signifying that suppression of the cathodic reaction is the main effect of these corrosion 
inhibitors. 
 
The Tafel plots in 0.5 M H2SO4 (Tables 8 and 9) revealed that the inhibitor adsorption 
shifted the corrosion potential (Ecorr) in the noble (less negative) direction with reference 
to the blank, signifying that suppression of the anodic reaction is the main effect of these 




















4.9.  Conclusions 
 
A study of oligiomerization involving a new series of alkene-nitrones, dinitrones, 
and dialkenes has been carried out. This has given us the isoxazolidine-based inhibitor 
molecules of lower degree of polymerization. One of the objectives of the study was to 
find out inhibitor molecules that would provide effective protection of corrosion of mild 
steel in HCl as well as H2SO4 media. This is a preliminary study; however, it paves the 
way to investigate further to prepare molecules having higher degree of polymerization. 
The study indeed reflected the scope and limitation inherent in the cycloaddition of the 
alkene-nitrones in the current study. The precedent literature always used activated 
alkenes, so the cycloaddition rates were faster than the ones observed in our cycloaddition 
reaction involving nonactivated alkenes. The activating group in an alkene is the presence 
of electron withdrawing groups like ester, anhydride or amide groups. However, one of 
the disadvantages of these carbonyl terminals is their hydrolytic instability. Even though 
our alkenes are less reactive, but they do not contain hydrolytically unstable alkene 
substituents. The study has also revealed that the methylene nitrone are much more 
reactive than the more substituted nitrones. Hence, any future study must utilize the 
methylene nitrones (monosubstituted) and monosubstitued alkene of the alkene-nitrone 
type A-N, and should avoid the dialkene-dinitrone cycloaddition as it is very difficult to 
maintain stoichiometry.  The reactivity of the cycloadditions may be improved using 





















All mps are uncorrected.  Melting points were recorded in a calibrated Electrothermal-
IA9100-Digital Melting Point Apparatus.  IR spectra were recorded on a Perkin Elmer 




C NMR spectra were measured in CDCl3 using 
TMS as internal standard on a JEOL LA 500 MHz NMR spectrometer operating at 500.00 
MHz.  Silica gel chromatographic separations were performed with silica gel 100 from 
Fluka Chemie AG (Buchs, Switzerland).  All the starting materials were purchased from 
Aldrich Chemical Company and were used as received without any further purification.  
All the solvents were of reagent grade.  Dichloromethane was passed through alumina 
before use.  All reactions were carried out under N2.  
 
 
5.2. N-(10-undecenyl) hydroxylamine (91) 
 
In a round bottom flask were taken hydroxylamine hydrochloride (34.0 g, 489.3 mmol), 
sodium hydroxide (17.5 g, 437.5 mmol) and  ethanol (200 cm
3
).  The mixture was stirred 
using a magnetic stir bar at room temperature for about 10 minutes.  The mixture became 
homogeneous to give hydroxylamine alone.  11-Bromo-1-undecene (90) was added 
portion wise to the mixture and heated at 90 
o
C  for 7 h.  Approximately 180 cm
3
 of 
Ethanol was then removed by distillation at 100 
o
C. Water was added to the mixture, 
basified by K2CO3 and the solution was extracted with ether (4 X 100 cm
3
).   The organic 
layer was dried using Na2SO4.  The ether was removed by gentle steam of N2 at 25 
o
C.  
The residual liquid was purified by chromatography over silica gel using 1:4 ether/hexane 
mixture as eluant to give hydroxylamine 91 as colorless liquid.  Crystallizing the product 
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from ether/hexane gave a white hydroxylamine crystal.  Hydroxylamine 91 crystals 
were dried under vacuum at ambient temperature (3.3  g, 29.8 %); Mp. 68-68.5 
o
C, max. 
(neat) 3261, 3152, 3078, 2921, 2850, 1642, 1559, 1508, 1461, 1377, 1149, 1058, and 721 
cm
-1
; H (CDCl3): 1.28-1.52 (16H, m), 2.03 (2H, m, J 7 Hz), 2.91(2H, t, J 7.35 Hz), 4.91 
(2H, q, J 9.15), 5.80 (1H, m, J 6.7).  C(CDCl3): 26.77, 27.10, 28.92, 29.11, 29.34, 29.43, 
29.49, 33.80, 53. 76, 114.13, 139.21.  
 
 
5.3. N-(10-undecenyl) methylideneamine N-oxide (93a) 
 
To a solution of the hydroxylamine 91 (1.51 g, 8.15 mmol) in toluene (10 cm
3
) was added 
paraformaldhyde (92a) (317.85 mg, 10.60 mmol) and the mixture was stirred using a 
magnetic stir bar at 75 
o
C for 1 h or until the complete conversion of the hydroxylamine to 
the corresponding nitrone N-(10-undecenyl) methylideneamine N-oxide (93a).  The 
mixture was filtered to get rid of the excess white solid paraformaldhyde.  The alkene-
nitrone was used in the next step without further purification.  H (CDCl3): 1.23-1.33(12H, 
m), 1.91 (2H, p), 2.02 (2H, t, J 7.5 Hz), 3.78 (2H, t, J 7.35), 4.91 (2H, q, J 10.3 Hz), 5.77 
(1H, m), 6.31 (1H, d, 7.7 Hz), 6.49 (1H, d, 7.7 Hz).      
 
 
5.4. N-(10-undecenyl) 1-ethylideneamine N-oxide  (93b) 
 
Distilled acetaldehyde (92b) (313 mg, 8.41 mmol) was added to a solution of the 
hydroxylamine 91 (1.2 g, 6.47 mmol) in ethanol (10 cm
3
).  The reaction mixture was 
stirred using a magnetic stir bar at room temperature for about 2 h or until the nitrone 93b 
was formed.  At the end of the reaction, ethanol was removed by a gentle steam of N2 at 
40 
o
C.  Crystallizing the nitrone from hexane give a white crystal but the melting point is 
very low.  max. (neat) 3416, 3076, 2921, 2852, 1732, 1640, 1606, 1461, 1350, 1183, 1103, 
994 and 456 cm
-1
; H (CDCl3): 1.27-1.36 (12H, m), 1.90 (2H, t), 2.00-2.04 (5H, m), 3.73 
(2H, t, J 7.05 Hz), 4.91 (2H, q, J 10.1 Hz), 5.79 (1H, m), 6.75 (1H, q, J 5.8 Hz). 
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C(CDCl3): 12.43, 26.26, 27.23, 28.67, 28.83, 28.89, 29.15, 29.16, 33.56, 65.11, 
113.94, 134.11, 138.90. 
 
 
5.5. p-Allyloxybenzaldehyde (96a) 
 
To a stirring solution of sodium ethoxide (0.13 mol; prepared by adding 3.0 g sodium) in 
ethanol (65 cm
3
) was added p-hydroxybenzaldehyde (94) (15.9 g, 0.13 mmol) at 20
o
C.  
After the mixture became homogeneous (ca. 5 min), allyl bromide (95) (15.7 g, 0.13 mol) 
was added and the mixture was heated in a closed vessel at 65
o
C for 12 h. Within an hour, 
the formation of NaBr was visible on the wall of the flask.  After removal of most of the 
ethanol by a gentle stream of N2, the residual mixture was taken up in ether (50 cm
3
) and 
washed with water (2x100 cm3), 5% NaOH solution (2x50 cm3), followed again by water 
(2x50 cm3).  The organic layer was dried (Na2SO4) and concentrated to give p-
allyloxybenzaldehyde (96a) (18.7 g, 88.7%) as a brown liquid. 
1
H NMR spectrum 
revealed the product as very pure and as such used without further purification.  (Found: 
C, 74.0; H, 6.1. C10H10O2 requires C, 74.06; H, 6.21%); max. (neat)   3076, 2828, 2737, 
1687, 1600, 1577, 1508, 1458, 1424, 1392, 1364, 1312, 1258, 1161, 1111, 996, 932, 857, 
832, 761, and 656 cm
-1
; H (CDCl3): 4.63 (2H, d, J 5.2 Hz), 5.35 (2H, m), 6.05 (1H, m), 
7.02 (2H, d, J 8.7 Hz), 7.83 (2H, d, J 8.8Hz), 9.89 (1H, s);  C(CDCl3): 69.00, 115.00 
(2C), 118.37, 130.02, 131.97 (2C), 132.28, 163.60, 190.82. 
 
 
5.6. p-10-Undecen-1-yloxybenzaldehyde (96b) 
 
The above procedure was repeated with 11-bromo-1-undecene (90) (15.2 g, 0.065 mol); 
half the quantity of the other materials was used. The temperature of the reaction was 
maintained at 65
 o
C for 12 h and at 90 
o
C for a further period of 12 h in a closed vessel. 
Similar workup procedure afforded the p-10-undecen-1-yloxybenzaldehyde 96b (15.7 g, 
88%) as a brown liquid. 
1
H NMR spectrum revealed the product as very pure and as such 
used without further purification.  (Found: C, 78.6; H, 9.4. C18H26O2 requires C, 78.79; H, 
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9.55%).   max. (neat)  3074, 2926, 2853, 2733, 1693, 1640, 1601, 1577, 1509, 1467, 
1429, 1393, 1311, 1258, 1216, 1160, 1109, 1015, 910, 832, 723 and 617  cm-1;  H 
(CDCl3): 1.20-1.60 (12 H, m), 1.82 (2H, quint, J 6.8  Hz), 2.04 (2H, q, J 7.0 Hz), 4.04 
(2H, t, J 6.6 Hz), 4.96 (2H, m), 5.81 (1H, m), 6.98 (2H, d, J 8.6 Hz), 7.82 (2H, d, J 8.8 
Hz), 9.88 (1H, s).  C(CDCl3): 25.95, 28.91, 29.05, 29.10, 29.32, 29.41, 29.48, 33.80, 
68.41, 114.16,  114.75 (2C), 129.74, 131.99 (2C), 139.17, 164.27, 190.80. 
 
 
5.7. N-methyl-( p-Allyloxyphenyl)methylideneamine N-oxide (97a) 
 
4-Allyloxy-benzaldehyde (96a) (5.057 g, 31.17 mmol), absolute ethanol (30 cm
3
), N-
methyl hydroxylaminehydrochloride (4.026 g, 48.21 mmol) and sodium acetate.3H2O 
(7.094 g, 52.13 mmol) were placed in 100 ml around bottom flask, and the mixture was 
stirred for about 1 h at room temperature.  After removal of the solvent by blowing a 
gentle stream of N2 at 40 
o
C, the solid residue was transferred to separatory funnel with 
dichloromethane (25 cm
3
) and diluted with water (15 cm
3
).  At the end of the reaction, the 
solution was basified by K2CO3 and extracted with dichloromethane   ( 4 x 25 cm
3
).  The 
organic layer was dried over MgSO4 and then filtered.  A gentle stream of N2 at 40 
o
C was 
used to remove dichloromethane and the solution was crystallized from 
dichloromethane/ether/little pentane at room temperature. The crystals were dried under 
vacuum at room temperature to give nice white crystals (4.4599 g, 74.75%); Mp. 81.5-
83.4 
o
C, max. (KBr) 3425, 2984, 1598, 1504, 1417, 1306, 1249, 1161, 991, 938, 879 and 
839 cm
-1
; H (CDCl3): 3.83 (3H, s), 4.56 (2H, d, J 4.85 Hz), 5.29 (1H, d, J 10.35 Hz), 
5.4011 (1H, d, J 17.4), 6.04 (1H, m), 6.93 (2H, d, J 8.55), 7.29 (1H, s), 8.19 (2H, d, J 









5.8. N-methyl-(p-10-Undecen-1-yloxyphenyl)methylideneamine N-oxide (97b) 
 
A solution of 4-(10-undecenyloxy)benzaldehyde (96b) (2.765 g, 10.076 mmol), absolute 
ethanol (20 cm
3
), N-methylhydroxylamine hydrochloride (1.34 g, 16.044 mmol) and 
sodium acetate.3H2O (1.77 g, 13 mmol) was stirred in a closed vessel at room temperature 
for about 15 minutes or until the TLC (silica, ether) indicated the presence of the nitrone.  
Another portion of 4-(10-undecenyloxy) benzaldehyde (96b) (1.15 g, 4.19 mmol), N-
methyl hydroxylamine hydrochloride (0.417 g, 4.99 mmol) and sodium acetate.3H2O 
(0.680 g, 5.00 mmol) was added to the vessel and stirred for about 30 minutes.  The 
solution was extracted with dichloromethane (4 X 30 cm
3
) and the organic layer was dried 
over MgSO4.  The dichloromethane was removed by gentle steam of N2 at 40 
o
C, 
crystallized from hexane/ether  and dried under vacuum at ambient temperature to give 
white crystals (2.99 g, 76.37 %); Mp. 72-72.8 
o
C, max. 3448, 2924, 2849, 2366, 1599, 
1502, 1467, 1420, 1303, 1250, 1167 and 942 cm
-1
;    H (CDCl3): 1.29-1.60 (12H, m), 
1.80 (2H, p, J 6.4 Hz), 2.05 (2H, t, J 6.75 Hz), 3.84 (3H, s), 3.99 (2H, t, J 6.7 Hz ), 4.98 
(2H, m), 5.82 (1H, m), 6.93 (2H, d, J 8.85 Hz), 7.26 (1H, s), 8.18 (2H, d, J 9.2 Hz).  
C(CDCl3): 25.92, 28.84, 29.04, 29.08, 29.29, 29.34, 29.43, 33.74, 53.85, 68.01, 114.07 
(2C), 114.26, 123.17, 130.33 (2C), 134.89, 139.15, 160.64.  
 
 
5.9. p-Diallyloxybenzene (99) 
 
In around bottom flask were taken p-dihydroxybenzene (98) ( 14.822 g, 134.61 mmol) 
and  ethanol (140 cm
3
).  The mixture was stirred using a magnetic stir bar at room 
temperature and the p-dihydroxybenzene was dissolved immediately to give 
homogeneous mixture.  After adding the first portion of sodium hydroxide (5.3176 g, 
132.94 mmol) and allyl bromide (95) (16.35 g, 135.12 mmol), the color of the mixture 
was turned to dark brown.  The mixture was heated in a closed vessel at 80
o
C for 2 h and 
then the second portion of  sodium hydroxide (5.322 g, 133.05 mmol) and allyl bromide 
(95) (16.2991 g, 134.73 mmol) was added.  After removal of most of the ethanol by a 
gentle stream of N2, the residual mixture was taken up in hexane (100 cm
3
), washed with 
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5% NaOH solution (40 cm
3
) and extracted with water and 5% NaOH solution.  At the 
end of the reaction, most of the hexane was removed by blowing N2 and  the product was 
dried under vacuum distillation at 115 
o
C to give nice orange liquid product (10 g, 40%); 
max. (KBr) 3425, 3019, 2909, 2861, 1858, 1649, 1506, 1284, 1226, 1024, 931, 824, and 
788H (CDCl3): 4.51 (4H, d, J 5.2 Hz), 5.30 (2H, d, J 10.65 Hz), 5.42 (2H, d, J 17.07), 
6.088 (2H, m), 6.86 (4H, s).  
 
 
5.10. N,N'-dimethyl-p-phenylenedinitrone (101) 
 
Terephthaladehyde (100) (7.06 g, 52.6 mmol), N-methyl hydroxylamine hydrochloride 
(11.931 g, 142.85 mmol), sodium acetate.3H2O (23.65 g, 173.8 mmol) and ethanol (150 
cm
3
) were placed in a round bottom flask, and the mixture was stirred for about 18 h at 50 
o
C.  After removal of the solvent by blowing a gentle stream of N2 at 70 
o
C, the solution 
was basified by K2CO3 and extracted with boiling dichloromethane.  At the end of the 
reaction, the solution was crystallized from dichloromethane/ether/little pentane at room 
temperature. The crystals were dried under vacuum at room temperature to give nice 
crystals (8.88 g, 87.85%); Mp. >250 
o
C, max. (KBr) 3752, 3386, 3077, 2368, 1653, 1580, 
1415, 1310, 1168, 937, 865, andH (CDCl3): 3.90 (6H, s), 7.41 (2H, s), 8.25 (4H, s).  
C(CDCl3): 54.58 (2 × CH3), 128.29 (4 × Ar-C), 131.81 (2 × Ar-C), 134.66 (2 × N=C). 
 
 
5.11. N,N'-Dimethyl-1,5- pentylidenedinitrone (103) 
 
A solution of glutaraldehyde (pentanedial) (102) (15.356 g, 76.69 mmol), ethanol (150 
cm
3
), N-methyl hydroxylamine hydrochloride (13.42 g, 160.7 mmol) and sodium 
acetate.3H2O (22.0712 g, 162.2 mmol) was stirred in a closed vessel at room temperature 
for about 4 h.  Most of the ehanol was removed by blowing N2 The solution was extracted 
with dichloromethane (4 X 30 cm
3
) and the organic layer was dried over (MgSO4).  The 
mixture was washed with boiling CHCl3 which was removed by blowing a gentle stream 
of N2.  At the end of the reaction, the solution was crystallized from Methanol/ether at 
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room temperature.max. (KBr) 3750, 3245, 3041, 2927, 2869, 1603, 1432, 1403, 
1044, 1174, 1121, 920H (CDCl3): 1.66 (2H, t, J 7.6 Hz), 2.33 (4H, m), 3.53 (6H, s), 
7.16 (2H, t, J 4.85Hz)C(CDCl3): 21.17 (2×CH2),  26.37 (2×CH2), 52.36 (2×CH3), 
139.3 (2×C=N).  
 
 
5.12.  Poly(5-nonanyl isoxazolidine) (104a) 
     
5.12.1.Kinetics at 65
o
C in CDCl3 
 
 Kinetics of polymerization of the alkene-nitrone 93a was carried out at 65
o
C for about 
204 h.  Thus, a mixture of the hydroxylamine 91 (55.6 mg, 0.280 mmol) and 
paraformaldehyde (92a) (18.6 mg, 0.6 mmol) in CDCl3 (0.58 g) in an NMR tube was 
reacted and 
1
H NMR spectra were recorded at various times. The reaction volume was 
determined to be 0.60 mL during the polymerization which translates into an initial 
concentration [Mo] of the monomeric nitrone 93a as 0.280/0.60 or 0.467 M. The analysis 
of the proton spectra were used to determine the concentration of the polymer and end 
groups, and a plot of degree of polymerization versus time afforded the rate constant for 
the polymerization.   
 
 
5.12.2. Polymerization at 80
o
C in Toluene 
 
A solution of the hydroxylamine 91 (1.51 g, 8.15 mmol) and paraformaldehyde (92a) 
(321 mg, 10.7 mmol) in toluene (10 cm
3




H NMR spectra were 
recorded at various times. The reaction was stirred using magnetic stir bar and, after 24 h, 
the color of the reaction mixture became brownish.  The toluene was removed and the 
residual mixture was dried under vacuum at room temperature to give brown gel material. 





5.13. Poly(3-methyl-5-nonanylisoxazolidine) (104b)   
 
In round bottom flask were taken monomer 93b ( 92.3 mg, 0.437 mmol) and  about 5 cm
3
 
of toluene and heated for 80 h at 100 
o
C.  At the end of the polymerization, the toluene 
was removed by using CCl4 and gentle stream of N2 at about 60 
o
C and dried under 
vacuum at room temperature to give black gel material. max. 3327, 3074, 2926, 2853, 
1735, 1640, 1375, 1284, 1134, 1074, 993, 908, and 786.  
 
5.14. Poly(2-methyl-5-methyleneoxy-p-phenylisoxazolidine) (105a)        
 
Toluene (20 g) was heated at 120 
o
C to get rid of the moisture.  Homopolymerization of 
the alkene-nitrone 97a (3.01 g, 15.75 mmol) was carried out in toluene (10.327 g, 11.94 
cm
3
) (total volume 12.5 cm
3
, i.e. 15.75/12.5 = 1.26 M) at 120 
o
C for about 125 h using 
magnetic stir bar for stirring the mixture, and this gave viscous brownish material.  At 
several interval a portion of the reaction mixture was taken and exchanged with CDCl3 
and NMR recoreded to find out the concentration of several end groups and polymer 
repeating units. The polymer 105a was dissolved in toluene at 100 
o
C and precipitated in 
methanol and hexane.  Drying the polymer in a vacuum gave white solid polymer.  




5.15. Poly(2-methyl-5-nonanyloxy-p-phenylisoxazolidine)  (105b) 
 





, i.e. 3.33/7.22 = 0.461 M) was homopolymerized for 162 h at 120 
o
C.  
After removing the solvent, the polymer was dissolved in dichloromethane at room 
temperature.  The dichloromethane was removed by gentle stream of N2 at 40 
o
C, and the 
polymer was precipitated in pentane and ether and dried under vacuum.  max. 3360, 3064, 




5.16. Polymer 106        
 
To avoid solubility problem, the polymerization was carried out in DMF. Thus a solution 
of the dialkene 99 (2.00 g, 10.5 mmol) and dinitrone 101 (2.02 g, 10.5 mmol) in DMF 
(total volume of the solution 13 cm
3
) was heated at 120 
o
C for 140 h. The solution was 
thus 0.808 M in both the dialkene and dinitrone and the concentration of the alkene and 
nitrone functionalities will then be 2 × 0.808 i.e 1.62 M each. The 
1
H NMR spectra were 
recorded at several intervals. The reaction mixture was precipitated in water and dried 
under vacuum to give polymer 106 as a white solid.  max. (KBr) 3415, 3048, 2952, 2868, 
2770, 1608, 1506, 1455, 1342, 1223, 1111, 1038, 893, 824,708, and 546. 
 
 
5.17. Polymer 107  
 
p-Diallyloxybenzene (99) (2.285 g, 12.0 mmol), N,N'-Dimethyl-1,5- pentylidenedinitrone 
(103) (2.04 g, 12.9 mmol) and toluene (5 g) were placed in a round bottom flask and the 
mixture was stirred  at 110 
o
C for about 92 h. The dinitrone was partially soluble in the 
reaction mixture. The 
1
H NMR spectrum revealed the absence of protons attributed to the 
nitrone functionality (CH=NO(CH3), while the dialkene end group protons are present in 
considerable amount. In order to react with the terminal alkene end groups more of the 
dintrone 103 (5. 0 mmol) was added and the mixture was polymerized for a further 24 h.  
After removing the solvent, the polymer was dissolved in dichloromethane at room 
temperature and precipitated in ether to give very elastic polymer.   
The above reaction was repeated in ethanol solvent in which a homogeneous 
starting solution was obtained. However, the 
1
H NMR spectrum again revealed the 
presence of protons attributed to the nitrone functionality (CH=NO(CH3) in minor 
quantity, while the dialkene end group protons are present in considerable amount.  max. 
(KBr) 3395, 3207, 2921, 2858, 2778, 2026, 1502, 1446, 1339, 1217, 1032, 823.  A pure 
sample of the dinitrone (103) was thermolyzed in toluene at 110 
o
C for 24 h. The 
1
H NMR 





5.18. End-capping of Polymer 105a 
 
To different chain length (8 h, 46 h, 72 h and 150 h) of polymer 105a in CDCl3 was added 
excess methyl acrylate and stirred in a closed NMR tube at 55 
o
C for 48 h.  The reaction 
mixture was cooled to ambient temperature and the CDCl3 and excess methyl acrylate 





5.19. Corrosion Measurement  
 
5.19.1 Gravimetric Method (Weigh Loss Measurements) 
 
The gravimetric experiments were performed in glass vessels containing 1M HCl with 
various amounts of the corrosion inhibitors.  The gravimetric experiments were also 
carried out in 1N H2SO4 containing different concentrations of the corrosion inhibitors.  
The mild steel was suspended through a nylon thread in the HCl and in the H2SO4 
solutions with various concentrations of the corrosion inhibitors. The glass container was 
placed without stirring in a water bath heated to 60 
o
C and kept for 6 h.   
 
Solutions of 1M HCl and 1N H2SO4 were prepared from reagent A.C.S. 
concentrated HCl (Fisher Scientific Company) using distilled water.  The coupons 
employed in the  gravimetric method were prepared from mild steel having the 
composition: 0.089% (C), 0.34% (Mn), 0.037 (Cr), 0.022 (Ni), 0.007 (Mo), 0.005 (Cu), 
0.005 (V), 0.010 (P) and 99.47% (Fe). 
 
Before immersion test, the coupons were washed with deionized, cleaned with 
acetone and finally dried.  After the elapsed time, the cleaning procedure consisted of 
wiping the coupons with a paper tissue, polishing lightly with emery paper, washing with 
distilled water, degreased with acetone and again washed with deionized water.  The 
weight loss was determined at 60 
o
C for 6 h by hanging the steel coupon measuring 2.5 x 
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2.0 x 0.1 cm3 into 1M HCl solution (140 cm3) containing various amounts (0, 10, 25, 
50, 100, 200, 400 ppm) of the synthesized corrosion inhibitors.  The same procedure was 
carried out for solutions of 1N H2SO4.  Corrosion inhibition efficiency was calculated 









Weight loss (blank) and weight loss (inhibitor) represent weight loss in absence and 
presence of inhibitor, respectively. 
 
 
5.19.2 Electrochemical measurements 
 




5.19.2.1 Tafel Plots 
 
The Mild steel employed in electrochemical method was prepared from mild steel 
having the composition: 0.184% (C), 0.070% (Si), 0.29% (Mn), 0.097 (Cr), 0.071 (Ni), 
0.021 (Mo), 0.065 (Cu), 0.014 (V), 0.012 (P), 0.029% (S), and 99.15% (Fe).  The test 
specimens for the electrochemical measurements were machined in a flag shape from a 
mild steel sheet of 1 mm thickness. The stem of the flag, which measured approximately 3 





 of exposed area.  The exposed area was cleaned by increasing grades of 
emery papers (100, 400, 600 and 1500 grit size). Finally it was washed with acetone to 




The experiments were carried out in 200 cm
3
 of 1M HCl containing various 
concentration of the inhibitors at 60 
o
C with the exposure time of 30 min (or until a 
steady-state open circuit potential was obtained).  The same procedure was performed for 
solutions of 1N H2SO4.  The electrochemical cell was assembled in a 250 ml round-
bottomed flask consisting of carbon steel working electrode; the graphite electrode of 
approximately 5 mm diameter as a counter electrode and a saturated calomel electrode 
(SCE) was used as a reference electrode. All three electrodes were connected to a 
potentiostat (Model 283, EG&G PARC) through an electrometer.  The potentiostat was 
hooked to a personal computer via a GPIB card. In this fashion the potentiostat could be 
controlled through the computer.  Values of parameters in the electrochemical 
experiments were as follows: inhibitor concentration, 0 ppm and 200 ppm; potential 
range, ±250 mV with respect to open circuit potential. A scan rate of 0.16 mV/s was 
applied.  Log of the generated current between the working electrode (mild steel 
specimen) and the counter electrode was plotted versus the over potential. 
 
Each pair of Tafel plots {inhibitor in 1M HCl solution and of 1M HCl (blank)} 
were analyzed to obtain corrosion current density and corrosion potential.  The same 
technique was used for each pair of Tafel plots for 1N H2SO4 solutions.  The corrosion 











CR = corrosion rate in mpy 
a = atomic weight of the metal 
n = number of electrons in the reduction of the metal ions. 
D = density of the metal in g/cm
3
. 











Effeciency InhibitionCorrosion  
 
 
5.19.2.2 Linear Polarization (LP) 
 
Linear polarization (polarization resistance) values were obtained from current potential 
plots. The polarization resistance was measured by scanning through a potential range that 
was very close to the corrosion potential. The potential range was ±15 mV around Ecorr 
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